Chronic inflammation plays important roles at different stages of cancer development, including carcinogenesis, tumor invasion, and metastasis, but molecular mechanisms linking inflammation to cancer development have not been fully clarified. Here, we report that expression of angiopoietin-like protein 2 (Angptl2), recently identified as a chronic inflammation mediator, is highly correlated with the frequency of carcinogenesis in a chemically induced skin squamous cell carcinoma (SCC) mouse model. Furthermore, Angptl2 expression in SCC is highly correlated with the frequency of tumor cell metastasis to distant secondary organs and lymph nodes. When SCC was induced in transgenic mice expressing Angptl2 in skin epithelial cells, epithelial-to-mesenchymal transitions in SCC as well as tumor angiogenesis and lymphangiogenesis were significantly increased, resulting in increased tumor cell metastasis and shortened survival compared with wild-type mice. Conversely, in a chemically induced SCC mouse model, carcinogenesis and metastasis were markedly attenuated in Angptl2 knockout mice, resulting in extended survival compared with wild-type mice. Overall, we propose that Angptl2 contributes to increased carcinogenesis and metastasis and represents a novel target to antagonize these pathologies. Cancer Res; 71(24); 7502-12. Ó2011 AACR.
Introduction
Cancer is an increasingly prevalent medical and social problem and remains a major cause of mortality (1) . Therefore, the identification of mechanisms underlying its development is essential to develop new therapeutic approaches. Recently, the concept that chronic inflammation plays an important role at different stages of cancer development, including carcinogenesis, invasion, and metastasis, has emerged (2); it is well established that inflammation induced by bacterial and viral infections increases cancer risk, as does chronic inflammation induced by environmental exposure, including tobacco smoking and inhaled pollutants, such as silica and asbestos (3) (4) (5) . It has also been recently reported that chronic and often subclinical levels of inflammation-for example, obesity-induced inflammation-may increase cancer risk (6) . In fact, obesity, which increases cancer risk by 1.6-fold (7), can cause chronic inflammation, which can then promote carcinogenesis of the liver and pancreas (8) . Recently, we found that angiopoietinlike protein 2 (Angptl2) is a causative mediator of chronic inflammation in obesity, and its related metabolic abnormalities (9) . In obesity, Angptl2 is secreted by adipose tissue, and its expression is increased by obesity-related pathologic conditions, including hypoxia and endoplasmic reticulum (ER) stress (9) . Both hypoxic stress and ER stress are commonly induced in cancer tissues, particularly in cancer progression and metastasis (10) , suggesting a role of Angptl2 in these processes. Along these lines, it has been reported that increased levels of Angptl2 derived from tumor-or cancerassociated fibroblasts (CAF), respectively, in cancer tissues refractory to anti-VEGF therapy, which when combined with chemotherapy, is efficacious in treating several human cancers (11) . Integrins, which act as functional receptors for Angptl2 in endothelial cells and monocytes/macrophages (9, 12) , are also expressed on several cancer cells, in which they regulate tumor cell growth, survival, and invasion (13, 14) . Angptl2 is expressed in some tumor cell types (15) . Thus, cancer cell-and/or CAF-derived Angptl2 may be a critical factor in cancer development.
Carcinogenesis consists of 2 different processes: "preneoplastic change" and "malignant conversion" (16) . The protocol used to chemically induce carcinogenesis in mouse skin consists of 2-stage application of chemicals to the skin, resulting in cutaneous tumors (17, 18) . A single application of the initiator mutagen 7,12-dimethylbenzanthracene (DMBA) is followed by repeated applications of phorbol 12-myristate 13-acetate (PMA) (17) . In this model (19, 20) , papilloma formation as epidermal dysplasia, which represents a "preneoplastic change" in skin epidermal cells, is caused by DMBA-induced mutations in the H-ras gene, and the degree of "preneoplastic change" can be estimated by the number and size of papillomas, whose growth is stimulated by subsequent, repeated PMA applications. Finally, "malignant conversion" is accelerated by mutations in the p53 gene brought on by subsequent serial PMA treatment (16) and is reflected in the rate of conversion from large papillomas to squamous cell carcinoma (SCC).
In this study, we found that Angptl2 expression was induced during chemically induced skin SCC development, whereas Angptl2 expression was faintly detected in normal skin tissues, suggesting a possible role for Angptl2 in chemically induced skin SCC. Therefore, we examined skin carcinogenesis and cancer progression by comparing chemically induced skin SCC in 3 mouse genotypes: K14-Angptl2 transgenic mice (K14-Angptl2 Tg), Angptl2 knockout mice (Angptl2 KO), and respective wild-type littermates. Our finding in this study shows the first evidence that Angptl2 contributes to both increased susceptibility to "preneoplastic change" and "malignant conversion" in carcinogenesis and enhanced cancer cell metastasis, suggesting that Angptl2 represents a new target to block cancer development.
Materials and Methods

Mice
Only male mice were used for the experiments. For chemical carcinogenesis assays, K14-Angptl2 Tg (9) and Angptl2 KO (9) were backcrossed to the FVB/N strain for more than 10 generations. All experiments were conducted according to guidelines of the Institutional Animal Committee of Kumamoto University.
Immunoblot analysis
Cells were homogenized in lysis buffer (10 mmol/L NaF, 1 mmol/L Na 3 VO 4 , 1 mmol/L EDTA, 300 mmol/L NaCl, 50 mmol/L Tris-HCl, 1% Triton X-100, pH 7.5). Extracts derived from supernatants were subjected to SDS-PAGE, and proteins were electrotransferred to nitrocellulose membranes. Immunodetection was carried out using an ECL Kit (Amersham) according to the manufacturer's protocol. Polyclonal antibodies against Smad2/3 and phospho-Smad2 (138D4) and monoclonal antibodies (mAb) against Hsc70 (B-6) were obtained from Cell Signaling and Santa Cruz, respectively.
Immunohistochemical staining
Tumors were fixed by perfusion with 4% paraformaldehyde in PBS (pH 7.4), washed in PBS for 15 minutes, dehydrated through a graded series of ethanol and xylene, and embedded in a single paraffin block. Sections (5 mm) were cut, air-dried, deparaffinized, and pretreated with 5 mmol/L periodic acid for 10 minutes at room temperature to inhibit endogenous peroxidase. Specimens were incubated for 1 hour with 50-to 100-fold diluted polyclonal antibody against Angptl2 (9), Keratin 5 (Covance), Keratin 14 (Covance), Snail (Cell Signaling), or Slug (Cell Signaling), or mAb against E-cadherin (BD Biosciences) or N-cadherin (BD Biosciences) and then washed 3 times with PBS for 5 minutes. Sections were incubated with biotinylated anti-mouse IgG or anti-rabbit IgG (1:200 dilution; Vector Laboratories). Immunostaining was done using the peroxidase-labeled avidin-biotin complex method (1:100 dilution; Dako). Sections were counterstained with hematoxylin.
Calculation of survival data
The Kaplan-Meier log-rank test was applied to analyze mouse survival data using JMP7 software (SAS Institute). A P value of less than 0.05 was considered significant.
Quantification of extent of metastasis
Tumor cells within lung, liver, spleen tissues, and lymph nodes were visualized in tissue slices stained with hematoxylin and eosin (H&E) and histologically identified by 2 independent investigators. The number and area of the metastatic region in lung tissue were quantified by evaluating 10 slices from K14-Angptl2 Tg, Angptl2 KO, and respective wild-type littermates. The area was quantified as pixels using the BZ-H1M system (Keyence).
Results
Expression of Angptl2 is induced in chemically promoted squamous cell carcinoma
Increased Angptl2 mRNA expression was detected in skin tissues of chemically induced papilloma and SCC compared with that seen in normal skin tissues before treatment (Supplementary Fig. S1 ). Abundant Angptl2 protein was also observed in induced mouse skin SCC, whereas Angptl2 was weakly expressed in normal skin tissues before treatment ( Supplementary Fig. S2A ). We next asked which cell types express Angptl2. As shown in Supplementary Fig. S2B and Fig.  S3 , Angptl2 expressed faintly in keratinocytes of the interfollicular epidermis, basal keratinocytes, suprabasal keratinocytes, and hair follicles. In contrast, Angptl2 was abundantly expressed not only in tumor cells at the primary site but at metastatic regions, including distant secondary lung organ and lymph nodes ( Supplementary Fig. S2C-E) . Normal lymph node and lung tissues showed little Angptl2 expression (Supplementary Fig. S4 ).
Accelerated carcinogenesis in skin tissues constitutively expressing Angptl2
As shown in Fig. 1A , the ears of K14-Angptl2 Tg were redder in color than ears of wild-type mice, indicative of constitutive inflammation. We found that expression levels of the inflammatory markers IL-6 and IL-1b were significantly increased in skin tissues of K14-Angptl2 Tg compared with wild-type mice ( Supplementary Fig. S5A ). K14-Angptl2 Tg did not show papillomas or SCC during their lifespan, indicating that Angptl2 overexpression is not sufficient to cause carcinogenesis. To investigate whether Angptl2 overexpression affects chemically induced carcinogenesis, K14-Angptl2 Tg were subjected to the skin carcinogenesis regimen. This model requires application of both DMBA and PMA (16) (17) (18) ), but we observed no papillomas or SCC at any time in K14-Angptl2 Tg or wild-type mice treated with DMBA only or PMA only (data not shown), indicating that Angptl2 overexpression cannot cause a "preneoplastic change." At 8 weeks after beginning chemical treatment of both DMBA and PMA, numerous papillomas were detected in K14-Angptl2 Tg, whereas only a few were seen in wild-type mice (Fig. 1A) . K14-Angptl2 Tg also showed accelerated formation of skin papillomas, with an average latency of 7 weeks after the beginning of chemical application, as compared with 10 weeks for wild-type mice (top graph in Fig. 1B ). The number of papillomas was also significantly greater in K14-Angptl2 Tg (bottom graph in Fig. 1B ). At 20 weeks after beginning of chemical treatment, K14-Angptl2 Tg exhibited an average of 29.8 papillomas per mouse, compared with 8.1 in wild-type mice (P < 0.001). When only large papillomas (diameter >3 mm) were evaluated, K14-Angptl2 Tg developed papillomas 5 weeks earlier than did wild-type mice (top graph in Fig. 1C ), and the average number of large papillomas was increased 3.7-fold in K14-Angptl2 Tg (bottom graph in Fig. 1C ). Notably, there was no difference in the ratio of large papillomas to the total number between them (Fig. 1D) . By 25 weeks after initiation of treatment, more than 80% of K14-Angptl2 Tg had developed malignant SCC, whereas only 50% of wild-type mice developed malignant SCC by this time point (top graph in Fig. 1E ). The average number of SCC tumors was increased 5.44-fold in K14-Angptl2 Tg (bottom graph in Fig.  1E ). As observed in Fig. 1F , the formation of SCC tumors was enhanced in K14-Angptl2 Tg. Histologic analysis confirmed that most large tumors were SCCs (Supplementary Fig. S7A and B). SCCs in K14-Angptl2 Tg were poorly differentiated and had lost their epithelial properties by acquisition of mesenchymal morphology. The malignant conversion rate, defined as the ratio of SCCs to the number of large papillomas, in K14-Angptl2 Tg was greater than that calculated for wild-type mice (Fig. 1G) . Thus, Angptl2 overexpression enhances susceptibility to "preneoplastic change" and "malignant conversion" in this model. Furthermore, we found that expression levels of the inflammatory marker IL-1b in both skin tissues after chemical treatment ( Supplementary Fig. S8A ) and papilloma (Supplementary Fig. S9A ) of K14-Angptl2 Tg were significantly increased compared with wild-type mice, suggesting that Angptl2-associated inflammation may promote susceptibility to "preneoplastic change" and "malignant conversion" in this model.
Angptl2 activation in tumor cells promotes metastasis to distant organs and lymph nodes
Although lung metastasis was detected in both K14-Angptl2 Tg and wild-type mice, its frequency was significantly increased in K14-Angptl2 Tg (Fig. 2A) . The severity of metastasis, as indicated by the number and area of metastatic lung tumor sites in the H&E stained section, was greater in K14-Angptl2 Tg compared with wild-type mice ( Fig. 2B and C) . Notably, 66.7% of K14-Angptl2 Tg showed metastasis to lung and more than 30% showed metastasis to both spleen and liver ( Supplementary Fig. S10 ). In contrast, 17.6% of wild-type mice showed metastasis only to lung but not to spleen or liver. K14-Angptl2 Tg also showed increased frequency of metastasis to lymph nodes (Fig. 2D ) and exhibited significantly enlarged lymph nodes compared with wild-type mice ( Fig. 2E and F) . Histologic analysis confirmed that enlarged lymph nodes were due to tumor cell metastasis rather than to inflammatory swelling (Fig. 2E) . Finally, when we compared survival periods after development of malignant SCC, K14-Angptl2 Tg showed significantly shortened survival compared with wild-type mice (Fig. 2G) . Expression levels of the inflammatory markers IL-6 and IL-1b in SCC of K14-Angptl2 Tg were also significantly increased compared with wild-type mice (Supplementary Fig.  S11A ), suggesting that Angptl2-associated inflammation might be attributable to increased tumor metastasis in K14-Angptl2 Tg.
Suppressed carcinogenesis in skin tissues of Angptl2 knockout mice
On the basis of our observation that Angptl2 overexpression enhances susceptibility to carcinogenesis and increases tumor metastasis, we asked whether Angptl2 deletion altered these pathologies. Therefore, we subjected Angptl2 KO and wild-type mice to the skin carcinogenesis regimen. We observed no papillomas or carcinoma in wild type or Angptl2 KO treated with DMBA alone or PMA alone (data not shown). When mice were treated with both chemicals, papilloma formation in Angptl2 KO was suppressed compared with wild-type mice (Fig. 3A) . The average latency period for formation of skin papillomas in Angptl2 KO was 15 weeks after chemical application, compared with 10 weeks in wild-type mice (top graph in Fig. 3B ). At 20 weeks after treatment, Angptl2 KO exhibited an average of 2.6 papillomas per mouse compared with 7.7 in wild-type mice (bottom graph in Fig. 3B ). When only large papillomas were evaluated, Angptl2 KO developed large papillomas 4 weeks later than did wild-type mice (top graph in Fig.  3C ), and the average number of large papillomas was also decreased 0.25-fold in Angptl2 KO (bottom graph in Fig. 3C ). Notably, there was no difference in the ratio of large papillomas to the total number between them (Fig. 3D) . By 25 weeks after treatment, about 50% of wild-type mice had developed malignant SCC, whereas only 10% of Angptl2 KO developed malignant SCC by this time point (top graph in Fig. 3E ). At 25 weeks after treatment, the average number of SCC lesions was decreased 0.14-fold in Angptl2 KO compared with wild-type mice (bottom graph in Fig. 3E ). As shown in Fig. 3F , SCC development was significantly attenuated in Angptl2 KO. In contrast to SCCs in wild-type mice, SCCs in Angptl2 KO were histologically well-differentiated tumors and tended to be organized in epithelial structures ( Supplementary Fig. S7C and  D) . The malignant conversion rate, defined as a ratio of SCC lesions to the number of large papillomas, was lower in Angptl2 KO than in wild-type mice (Fig. 3G) . By contrast to findings in K14-Angptl2 Tg, expression levels of inflammatory markers in skin tissues before (Supplementary Fig. S5B ) and after (Supplementary Fig. S8B ) chemical treatment and in papillomas ( Supplementary Fig. S9B ) of Angptl2 KO were decreased compared with wild-type mice. Thus the absence of Angptl2-induced inflammation may underlie attenuation of "preneoplastic change" and "malignant conversion" in carcinogenesis in Angptl2 KO.
Angptl2 knockout mice show decreased lung and lymph node metastasis
At 8 weeks after detection of the first SCC, 16.7% of wild-type mice showed metastasis to lung, whereas no metastases were seen in Angptl2 KO (Fig. 4A) . Metastatic colonies of tumor cells were detected at multiple sites within the lung of wild-type mice, whereas none were seen in Angptl2 KO (Fig. 4B) . Although metastasis to lymph nodes was detected in both genotypes, the frequency of metastasis was significantly lower in Angptl2 KO compared with wild-type mice (Fig. 4C) . The severity of metastasis, as estimated by the size of metastatic lymph node sites, in Angptl2 KO was also significantly decreased relative to that seen in wild-type mice ( Fig. 4D and  E) . Finally, survival of Angptl2 KO was significantly prolonged compared with that of wild-type mice (Fig. 4F) . Expression of IL-6 and IL-1b in SCC of Angptl2 KO was also significantly decreased compared with that seen in wild-type mice ( Supplementary Fig. S11B ), suggesting that decreased tumor metastasis in Angptl2 KO may be due to the absence of Angptl2-induced inflammation in SCC.
Angptl2 derived from SCC contributes to tumor angiogenesis and lymphangiogenesis
Tumor angiogenesis and lymphangiogenesis are essential for tumor growth and metastasis. Because we previously reported that Angptl2 activates endothelial cell motility (9) and wild-type mice. We found that blood vessels invading cancer tissues from surrounding tissues in K14-Angptl2 Tg were more prominent than those in wild-type mice (Fig. 5A ). Quantitative analysis revealed that the area occupied by both CD31-positive blood vessels and LYVE-1-positive lymphatic vessels was significantly increased in cancer tissues of K14-Angptl2 Tg compared with wild-type mice ( Supplementary Fig.  S12A and B), suggesting that Angptl2 enhances tumor vasculature. In contrast, the number of blood vessels invading tumor sites from surrounding tissues in Angptl2 KO seemed to be decreased compared with wild-type mice (Fig. 5B) . The area occupied by both blood vessels and lymphatic vessels was quantitatively decreased in tumor tissues of Angptl2 KO versus wild-type mice ( Supplementary Fig. S12C and D) . The extent of Evans blue dye leakage from SCC tumors was markedly attenuated in Angptl2 KO compared with wild-type mice ( Supplementary Fig. S13A ), a finding confirmed quantitatively ( Supplementary Fig. S13B ).
The epithelial-to-mesenchymal transition correlates with Angptl2 expression levels H&E staining of SCC tumor cells in K14-Angptl2 Tg revealed neither an ordered structure nor tight cell-cell adhesion compared with wild-type mice (Supplementary Fig. S14A) . ¼ 17) . B, H&E-stained lung tissues of Angptl2 KO (left) and wild-type mice (right). Arrows indicate metastatic foci in wild-type. Scale bar, 2.5 mm. C, frequency of metastasis to lymph nodes (LN) between Angptl2 KO (n ¼ 21) and wild-type mice (n ¼ 17). D, gross appearance (top) and H&E staining (middle and bottom) of lymph nodes of Angptl2 KO and wild-type mice. Bottom panels are magnifications of squares in middle panels. Scale bar, 10 mm (top), 2 mm (middle), 100 mm (bottom). E, comparison of lymph node volume in K14-Angptl2 Tg (n ¼ 6) and wild-type mice (n ¼ 6). Data represent means AE SEM. ÃÃ , P < 0.01. F, Kaplan-Meier survival curves after initiating chemical application between Angptl2 KO (n ¼ 8) and wild-type mice (n ¼ 10; P < 0.05 by log-rank test). WT, wild type.
Instead, tumor cells showed an irregular structure, appeared more elongated, and were not uniform in composition or density. Because a critical event in tumor metastasis is a decrease in cancer cell adhesion through acquisition of mesenchymal phenotypes and invasive properties, we asked whether Angptl2 increases the epithelial-to-mesenchymal transition (EMT) in SCC. Relative to wild-type mice, increased N-cadherin, Slug, and Snail mRNA, as mesenchymal markers and decreased E-cadherin mRNA, as an epithelial indicator were observed in SCC of K14-Angptl2 Tg (Supplementary Fig.  S15A ). Immunohistochemical analysis also revealed increased N-cadherin expression, decreased E-cadherin expression, and increased nuclear levels of Slug and Snail in SCC of K14-Angptl2 Tg compared with wild-type mice (Fig. 6A) , suggesting that constitutive activation of Angptl2 signaling may underlie EMT. Conversely, H&E staining showed that SCC tumor cells in Angptl2 KO formed a sheet ( Supplementary Fig. S14B ) and abutted each other in a uniform array. Furthermore, decreased N-cadherin, Slug, and Snail mRNA and increased E-cadherin mRNA were observed in SCC of Angptl2 KO compared with wild-type mice (Supplementary Fig. S15B ). Immunohistochemical analysis also revealed decreased E-cadherin expression and increased nuclear Slug and Snail in SCC from wildtype mice, whereas SCC of Angptl2 KO exhibited primarily epithelial phenotypes and showed little nuclear translocation of Slug or Snail (Fig. 6B) . TGF-b/Smad signaling plays a pivotal role in promoting EMT (21) (22) (23) . To investigate mechanisms underlying activation of EMT seen in the presence of Angptl2 overexpression, we analyzed activation of this pathway. We observed increased expression of TGF-b1, TGF-b2, TGF-bR1, and TGF-bR2 mRNAs in SCC of K14-Angptl2 Tg compared with wild-type mice (Supplementary Fig. S15C ). Conversely, we observed decreased relative expression of those genes in SCC of Angptl2 KO mice (Supplementary Fig. S15D ). In addition, phosphorylation of Smad2, a TGF-b effector, was significantly decreased in SCC of Angptl2 KO, whereas Smad2 phosphorylation was significantly increased in SCC of K14-Angptl2 Tg compared with controls (Fig. 6C) . These findings suggested that Angptl2 promotes EMT via activating the TGF-b-Smad pathway.
Discussion
Here, we found that skin tissues expressing abundant Angptl2 exhibit high carcinogenic potential in a chemically induced skin SCC mouse model through increased susceptibility to both "preneoplastic change" and "malignant conversion", although abundant Angptl2 expression in skin tissues could not cause SCC. Furthermore, Angptl2 derived from SCC increased cancer cell metastasis to both distant secondary organs and lymph nodes, presumably, by promoting both EMT in cancer cells and tumor angiogenesis and lymphangiogenesis.
The initiating oncogenic mutation within a normal cell is essential for "preneoplastic change." It is also important that cells harboring that mutation acquire the proliferation and survival capacity to allow accumulation of additional mutations (24) (25) (26) . When an oncogenic mutation occurs within a normal cell, DNA repair mechanisms often avert carcinogenesis. However, increased accumulation of reactive oxygen species (ROS) and reactive nitrogen intermediates because of chronic inflammation can inactivate DNA repair enzymes (27) . In this regard, both chronic inflammatory status and ROS levels in mouse skin tissues are positively correlated with Angptl2 expression levels ( Supplementary Fig. S16 ), suggesting that Angptl2-associated inflammation creates a microenvironment conducive to DNA damage and genomic instability. Normal skin stem cells or transit amplifying cells are more susceptible to mutation than are differentiated cells (2) . An inflammatory microenvironment reportedly increases the number of stem cells and transit amplifying cells (27) , suggesting that Angptl2-associated inflammatory changes in skin tissues might increase these stem cell populations. However, we observed no difference in the number of normal skin stem cells as estimated by a long-time pulse of bromodeoxyuridine incorporation experiment (28) among Angptl2 KO, K14-Angptl2 Tg, and their respective wild-type littermates (data not shown). Taken together, we propose that Angptl2 increased susceptibility to both "preneoplastic change" and "malignant conversion" is more likely due to differences in the microenvironment conducive to maintenance of oncogenic DNA mutations and accumulation of additional mutations.
A B
Although we found no papillomas or carcinoma at any time point in either K14-Angptl2 Tg, Angptl2 KO, or wild-type mice treated with PMA alone (data not shown), treatment with PMA only did induce Angptl2 expression in wild-type mice (Supplementary Fig. S6 ). In analysis of human subjects, Angptl2 expression in skin tissues exposed to sunlight was increased compared with tissues not exposed to sun (Supplementary Fig.  S17 ), suggesting Angptl2 induction in skin cells by sunburn might increase cancer susceptibility. This finding is consistent with the well-established idea that sunburn increases the risk of skin carcinogenesis because of DNA damage and inflammation (19, 29) . Most solid malignancies appear in older subjects, and aging or cell senescence is postulated to function as cancer promoters that act through inflammatory mechanisms. Accordingly, Angptl2 expression in regions not exposed to sun was elevated in parallel with aging in human subjects ( Supplementary Fig. S18 ). Sunburn-or aging-induced Angptl2 and its related chronic inflammation in skin tissue might increase susceptibility to skin carcinogenesis.
Angptl2 is reportedly a putative tumor suppressor in ovarian cancer (15) . In that report, lack of Angptl2 immunoreactivity in tumor cells was associated with poorer overall survival in stage I and II disease, whereas Angptl2 positivity was significantly associated with a poorer survival in stage III and IV disease. The latter findings are consistent with our own, suggesting that Angptl2 is critical for tumor progression and metastasis. Here, we did not observe a tumor suppressor function for Angptl2 in skin cells. Whether Angptl2 function differs in various tumor cell types remains to be determined.
This study shows that Angptl2 expression increases carcinogenesis through enhanced susceptibility to both "preneoplastic change" and "malignant conversion." Chronic inflammatory status during carcinogenesis was markedly different among K14-Angptl2 Tg, Angptl2 KO, and wild-type mice, and it depended on Angptl2 expression levels. This suggested that Angptl2-associated chronic inflammation is important for cancer susceptibility. Angptl2 derived from tumor cells significantly increased distant secondary organ metastasis and lymph node metastasis through acquisition of EMT-related invasive properties, in addition to promoting tumor angiogenesis and lymphangiogenesis ( Supplementary Fig. S19 ). Overall, our findings suggest that Angptl2 represents a new target for prevention of these activities in preneoplastic lesions and cancers that express Angptl2.
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